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Effect of body tilting on physiological functions in
stable very low birthweight neonates

Heracles D Dellagrammaticas, John Kapetanakis, Maria Papadimitriou, George Kourakis

Abstract
In babies of very low birth weight (<1500 g)
we studied the effect of head up tilting on
oxygenation, respiratory rate, heart rate and
blood pressure (n=23), on gastric emptying
(n=10), and on weight gain (n=6). Head up
tilting to 450 achieved the best oxygenation at
the angles studied, and decreased the respira-
tory and heart rates; there was no significant
change in blood pressure. Residue in the
stomach was also significantly less at 450, and
the neonates' weight gain was higher.
We conclude that nursing stable very low

birthweight infants with a higher head up tilt
than is conventional may have some advan-
tages.

Except for short periods, humans spend most of
their time in the vertical rather than the
horizontal position. Although posture is known
to affect physiological functions such as lung
mechanics and perfusion,' 2 and gastric empty-
ing,3 these have mainly been studied in the
prone and supine positions and little is known
of the effects that postural changes in the
vertical plane (tilting) may have on certain
functions in either term4' or very low birth-
weight infants.6 Stable preterm neonates are
conventionally nursed prone with a slight head
up tilt, presumably to avoid regurgitation and
aspiration of feeds.7
The purpose of the present study was to work

out systematically the effect of head up tilting at
various angles on oxygenation, respiratory
and heart rates, blood pressure, gastric empty-
ing, and weight gain in stable, preterm, very
low birthweight neonates.
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Patients and methods
We studied stable very low birthweight (<1500
g) preterm neonates who had not developed
respiratory problems, were being fed normally,
and were free from disease. Their gestational
age was estimated from maternal dates, ultra-
sound scans, and a scoring system using
physical criteria.8 Parental consent to partici-
pation in the study was obtained on all occasions.
The study consisted of three parts: part 1 was

a study of oxygenation at 00, 100, 200, 300, and
450, and of respiratory rate, heart rate and blood
pressure at 00 and 450; part 2 a study of gastric
emptying at 100 and 450; and part 3 a study of
weight gain at 100 and 45°.
The detailed methods were as follows:

PART 1
To study the variables mentioned previously
each neonate was placed in an open air intensive
care incubator (Ohmeda) and the tilts achieved
by modifying the tilting mechanism of the
incubator as required. The neonates were
secured in the prone position with a special sling
and were supported appropriately. In most
instances they were fully clothed and covered
with a plastic sheet in order to minimise heat
and water losses.

Oxygenation was evaluated using a calibrated
transcutaneous electrode (Tc Ml Radiometer)
set at 44°C and placed over the interscapular
area. The results provided by the instrument
used were expressed in mm Hg (conversion
factor to SI units: 1 mm Hg=0 133 kPa).
Respiratory and heart rates were assessed
using a cardiorespiratory monitor (Neoscope,
Simonsen and Weel). Blood pressure was
measured with a non-invasive oscillometric
blood pressure monitor (Dinamap 847, Critikon)
and disposable cuffs.
Ten readings of the transcutaneous oxygen

monitor were obtained at 30 seconds intervals
on each neonate at each tilt (angle). After each
change of angle from 0' to 450 and back to 00
there was a 10 minute interval before readings at
the new angle were recorded. Readings were
obtained in a similar fashion at 00 angle 30
minutes after completing the readings on the
return to the 00.

Together with transcutaneous oxygen read-
ings at 00 and 450, 10 readings of the respiratory
and heart rates at 30 seconds intervals were also
obtained on each neonate as well as five readings
of the blood pressure at one minute intervals.

Particular care was taken that the readings
should be obtained when the neonates were
relaxed and asleep. As oxygenation is affected
by the state of the neonate, care was taken to try
and monitor the infants so they were studied
during quiet sleep if possible, using the criteria
by Prechtl.9 No other devices such as electro-
oculograms were used. The readings were
obtained two hours after the last feed, and the
neonates were not disturbed during the assess-
ment. The neonates were not receiving any
medication that could potentially affect the
respiratory performance or the heart rate such
as xanthines.

PART 2
Gastric emptying was assessed at 100 and 450
using the incubator and with the neonates
secured in the prone position as described in
part 1. The 100 angle was chosen as it closely
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corresponded to the head up tilt used after a

feed in many neonatal units. The gastric empty-
ing was assessed by estimating the residue in the
stomach 30 minutes after the standard meal and
the dilutional method described in detail by
Yu.3 To estimate the stomach residue the
concentration of phenol red used as a marker
was measured spectrophotometrically in the
stomach aspirates by a technician in the hospital
laboratory who was not otherwise taking part in
the study. Each infant studied was given the test

meal first at the 10° and then at the 450 angle on

the 10th day of life.

PART 3
The effect of head tilting on weight gain was

assessed at 100 and 45°. Weekly weight gain was

assessed during the third, fourth, and fifth
weeks of life, by which time the neonates had
established a steady weight gain. They were fed
on a special preterm formula (Alprem, Nestle)
and received 180 ml/kg/day. They were nursed
in the same way as those in part 1 and were con-

tinuously kept at either 10° or 45° for each of the
study weeks. Two sequences were followed in
order to have a crossover design. A: third
week=100, fourth week=45°, and fifth week=
100; and B: third week=45°, fourth week= 100,

and fifth week=45°.

Results
Because of technical problems the study was

conducted during different periods of time,
which resulted in different neonates being
included in the three parts of the study.

PART 1

Twenty three neonates were included in this
part of the study. Median birth weight was 1350

g (range 800-1490), median gestational age 30
weeks (range 26-34) and male to female ratio
1-5:1. From the analysis of the recordings of
transcutaneous oxygen tension, heart rate,
respiratory rate, and blood pressure there was

no obvious trend of values for any of these
variables in any neonate within each set of
values for a given tilt. It was therefore thought
to be statistically acceptable to average the set of
values obtained for each variable from each
neonate for each angle (table 1). The results for
the group as a whole for each variable for each
tilt were expressed as mean (SD).

In all neonates oxygenation improved as the
angle of the tilt increased from 00 to 45°; for
each neonate the best oxygenation was achieved
at 45°. The difference in oxygenation (expressed
as difference between means) for the group at all
tilts, taking as the point of reference the mean

oxygenation (0 difference) at the 00 angle, is
shown in the figure. The difference between the
mean transcutaneous oxygen tension at 00 and
450 was 13-5 mm Hg (95% confidence interval
(CI) 11-4 to 15-7 mm Hg; p<0-01 by paired
Student's t test) (figure).
The respiratory rates and heart rates consis-

tently decreased in all neonates when the angle
of tilt increased from 00 to 450; there were no

significant or consistent changes in blood pres-

sure (table 1). The changes in respiratory and
heart rates of the group were significant using a

paired t test. Means and 95% CI were 8-4 (95%
CI 6-8 to 10-0) and 4-17 (96% CI 3-2 to 5-2),
respectively (p<001).

PART 2
The gastric residue at 30 minutes was assessed
in 10 neonates. Median birth weight was 1405 g

(range 800-1490), median gestational age 31
weeks (range 27-34) and male to female ratio
2-3:1. In all neonates there was a consistent

Table I
part I

Oxygenation, respiratory rate, heart rate and blood pressure (expressed as mean value of the 10 readingsltilt) for each of the 23 neonates studied in

Case Oxygenation (mm Hg)* Respiratory rate Heart rate Blood pressure
No

0° 10° 20' 30' 45° 0' 0° 0° 45° 0° 450 0° 450

Systolic Diastolic Systoltc Diastolic

1 60-6 67-4 68-1 69-4 70-9 67-0 64-7 49-1 43-4 153-8 148-6 70-0 46-4 63-6 38-6
2 56-9 63-1 67-7 71-0 71-8 69-1 64-1 51-7 39 7 141-1 136-9 64-6 36-8 65-6 33-4
3 68-4 70-6 73-7 74-0 74-3 71-0 59 3 52-8 39-5 144-4 144-1 71-2 38-6 68-8 38-6
4 53-9 55-4 61-1 62-3 63-7 61-9 54 2 55-0 46-3 156-0 155-9 64-4 32-2 64-4 33-4
5 52-1 61-9 65-0 70-5 72-7 68-7 56-0 45-6 42-5 1500 146-3 65-8 34-6 64-6 36-4
6 53-8 54-5 55-2 55-9 62-9 58-5 53 4 49-1 41-1 153-2 145-2 64-6 32-4 63-8 34-6
7 68-6 76-0 77-3 78-2 82-5 73-2 63-2 53-1 44-0 147-1 146-3 57-6 28-6 58-0 25-8
8 58-1 62-2 64-3 66-1 68-5 66-3 59-1 44-8 40-1 151-7 149-0 58-8 31-2 61-6 31-2
9 57-2 61-6 62-9 67-6 73-0 69-0 54-9 49-7 38-3 148-6 144-0 57-8 31-4 56-0 30-2
10 54-2 62-2 668 68-5 72-7 66-7 54-8 550 382 1557 1511 59-0 30-6 60-8 298
11 53-7 63-2 65-0 67-0 69-5 62-1 55*7 49-1 38-2 154-7 145-6 64-0 39-8 65-4 37-2
12 53 7 59-1 61-7 64-5 66-6 64-3 55-0 50-8 38 5 154-1 150-9 59-2 30 4 58-4 28-0
13 58-6 68-7 76-7 80-3 81-8 68-4 58-4 41-4 40-4 152-5 149-0 60-0 35 8 59-8 34-6
14 77-0 78-5 80-7 82-9 83-8 78-3 73-4 52 7 41-9 148-k 141 5 60-8 31-4 63-6 32-6
15 52-4 57-4 63-5 68-7 71-1 63-7 52-4 48-8 43-8 150-8 146-2 64-4 32-8 63-4 34 0
16 56-1 61-0 62-3 73-0 76-1 68-7 59-8 50 4 43-2 141-5 141-9 63-4 30-0 63-6 30-8
17 73-1 74-3 76-6 78-5 79-6 74-2 73-2 45 3 41-0 147-0 140-0 63-6 30-6 63-8 32-4
18 71-8 73-3 75-8 82-5 84-4 72-3 71-6 50-2 40-1 147-3 140-5 64-6 31-8 63-8 31-6
19 70-4 72-2 75-6 78-8 80-7 71-2 69-9 50-4 43-9 153-2 149-1 66-2 30-0 66-0 34-0
20 78-4 79-8 80-1 80-4 85-6 79-3 76-7 55.1 45 5 137-2 133-6 65-8 36-0 65-8 33-0
21 65-9 73-1 75-3 78-3 83-2 71-1 66-5 49-0 38-0 149-0 146-4 69-0 39-8 68-6 39-0
22 72-0 80-7 81-7 82-7 85-6 72-7 71-8 50-3 42-1 142-8 138-2 66-2 38-0 65-2 33-6
23 59 7 66-2 69-0 72-6 76-6 63-2 60-8 50-6 46-9 149-3 146-9 64-4 33-0 62-4 31-2

Mean 62-0 67-0 69-8 72-7 75-5 68-7 62-1 49-9 41-6 149-2 145-0 63-7 34-0 63-3 33-2
(SD) (8-4) (7-6) (7-2) (7-1) (6-8) (5-0) (7-3) (3-2) (2-6) (4-7) (4-5) (3-6) (4-2) (3-0) (3-2)

*Conversion factor to SI units: 1 mm Hg=0-133 kPa.
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Differences in oxygenation expressed as differences among
meansfor the group of23 neonates at various tilts. The point
ofreference is the mean oxygenation (0 difference) at the 0'
angle. The differences between 0 and 10°=4 6° (95% CI 3-2
to 6 1); between 0 and 200= 7 8' (95% CI 6-1 to 9 5);
between 0 and 300=10-70 (95% CI 8-6 to 12 9; and between
0 and 45S=13-5- (95% CI 11-4 to 15-7)p<0-01 in all
cases (Studlents unpaired t test). (Conversion factor to SI
units: I mm Hg=OJ133 kPa.)

Table 2 Percentage gastric residue at 30 minutes at 10°
and 45' angles in the 10 neonates studied in part 2

Case Gastric residue Difference between
No 10' and 45°

1j0 450 of original meal

1 495 47-6 1 9
2 59-7 43-0 16-7
3 352 29-0 6-2
4 43-2 40-8 2-4
5 507 430 7-7
6 38-0 34-8 3-2
7 503 38-5 11*8
8 28-1 21-8 6-3
9 40 9 39-5 1-4
10 38-0 35-0 30

Table 3 Weekly weight gain during third, fourth, and fifth weeks at 100 and 450, and
differences observed
Week Case No and weight gain (g)

1 2 3 4 5 6

10° 5450 10 450 l0o 450 10 450 100 450 10' 450
Third 150 0 100 0 140 0 160 0 0 230 0 210
Fourth 0 180 0 200 0 240 0 280 220 0 180 0
Fifth 150 0 150 0 130 0 230 0 0 240 0 190

Differences:
100-450 -30 -100 -100 -120 10 304501400 30 50 110 50 -20 -10

decrease in gastric residue at 30 minutes (ex-
pressed as a percentage of the initial test meal)
when the angle of tilt increased (table 2).

Using a paired Student's t test the mean of the
differences was 6-1 with 95% CI of 2-5 to 9-6
(p<O-O1).

PART 3
The weekly weight gain at 100 and 450 was
assessed in six neonates only. Median birth
weight was 1195 g (range 800-1300), median
gestational age 29 weeks (range 26-32), and
male to female ratio 1:1. The relatively small
number of neonates studied was dictated by the

reluctance of parents to agree for their babies to
be tilted to a high angle for prolonged periods of
time.
Table 3 shows the weekly weight gain at 10°

and 45°. In each neonate in either sequence the
biggest weight gain was observed at 45°. The
difference in weight gain between 10° and 45°
ranged from 10 g (case 5) to 120 g (case 4). No
side effects were seen and, in particular, no
oedema was observed. However a mild nappy
rash was seen in four of the neonates at 450,
probably as a result of pressure and irritation of
the nappy area.

Discussion
The optimal nursing position for very low
birthweight infants has still to be decided. In
previous studies the focus was mainly on the
effects ofpostural changes around the horizontal
axis of the body. It was shown that the prone
position offered certain advantages over the
supine mainly in two areas-respiratory per-
formance and gastric emptying. In the prone
position ventilation and lung mechanics
improved2 as well as oxygenation'0 without
the respiratory rate being significantly affected
by the change in posture. Yu showed that
gastric emptying was quicker in the prone
position than in the supine.3
The effects that may occur on physiological

functions when the body is tilted from the
horizontal towards the vertical plane have been
little studied in neonates. In 1962 the shift of
lung volume with tilting was measured in
normal newborn infants4 to evaluate the effect
of gravity in achieving adequate artificial res-
piration (which had been shown to be possible
in adults).'2 It was noted that the respiratory
frequency tended to decrease when the infants
were tilted head up though no actual data were
provided. More recently the effect of postural
change on tidal volume, inspiratory and ex-
piratory duration, minute ventilation, and
end tidal carbon dioxide tension was studied in
term infants.'3 It was observed that both the
inspiratory and expiratory times increased in
the upright position. These findings are rele-
vant to the decrease in respiratory rate at
increased angles that we observed in the present
study.

It was also found that tilting newborn infants
towards the upright position generally resulted
in increased end expiratory lung volume. 13
Recently the effect of tilting on oxygenation on
both term and preterm infants was studied by
raising them head up to 300 and 200, respec-
tively. Oxygenation improved with tilting, and
this was more pronounced among preterm
infants in whom transcutaneous oxygen
measurements between O0 and 20° increased by
a median value of 1 kPa (7'5 mm Hg) which is
roughly equal to our difference of mean trans-
cutaneous oxygen tensions between 0° and 200
(7-8mm Hg). As shown in the figure oxygenation
from 00 to 450 improved in a near linear fashion.
A notable difference between that study6 and
our results is that in contrast to our findings
Thoresen et al observed an upward or down-
ward trend of the transcutaneous oxygen read-
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ings depending on whether there was an increase
or decrease of tilt.6 As previously mentioned we
observed no such trend. A possible explanation
is that in our study there was a 10 minute
'resting interval' after each change of tilt for the
effect of the change of angle on oxygenation to
be fully effective before actual readings were
recorded.
There is no clear reason as to why oxygenation

improves with tilting. Possible explanations
include improved ventilation of lower segments
of the lungs and better ventilation/perfusion
matching.'3 In addition, at increased tilts dia-
phragmatic respiration probably becomes more
effective as there is less pressure of the viscera
on the diaphragm. Functional residual capacity
might also improve. It is notable here that
return to the pretilt transcutaneous oxygen
tensions was not observed immediately after the
return to 0° but at the second set of measure-
ments 30 minutes later.
The effect of head up tilting on blood

pressure and heart rate has previously been
studied on term neonates.5 A transient reduc-
tion in arterial pressure was observed 2-9
seconds after the tilt with a return to the pretilt
values 4-30 seconds later. A transient increase
in heart rate was also found, but this was
observed during the tilt and represented an
early compensational mechanism for main-
tenance of cardiac output and thus of systemic
pressure. A similar transient increase in heart
rate was also observed in our study (although
not recorded) during the change of tilt from 00
to 450 before the neonates settled at the higher
angle when it decreased below the pretilt level.
As early as 1915 the importance of body

position with respect to gastric emptying was
stressed. 14 Radiological data after ingestion of a
barium meal suggested that the preterm neo-
nate's stomach empties as rapidly as that of a
full term infant.'5 Radiological estimates of
barium density are, however, subjective and in
addition there is unnecessary and excessive
exposure to radiation. Addition of a chemical
marker such as phenol red to a standard meal
offers a safe and reliable method for estimating
the portion of the test meal that remains in the
stomach at various times after a feed.3 1617
Although as mentioned earlier it is well docu-
mented that gastric emptying is better in the
prone than the supine position, we were unable
to find any systematic study in which gastric
emptying was assessed in the prone position at
such increased tilts.
We were also unable to find a study in which

the weight gain was assessed in relation to
changes in posture from the near horizontal

towards the near vertical plane. In the absence
of appreciable oedema, the increased weight
gain observed at 450 could be explained (at least
partly) by the combination of the decrease in
respiratory and heart rate, better oxygenation,
and quicker stomach emptying.
Two areas that were not investigated in this

study were the effect of tilting on apnoea and
gastro-oesophageal reflux, conditions that have
been shown to be inter-related in very low
birthweight infants inwhom nursing at increased
angles may have an effect.'8

In conclusion, we believe that nursing stable
preterm neonates at a much higher than conven-
tional angle offers some advantages and may be
beneficial. Further studies should however be
carried out to assess possible problems which
may arise by keeping preterm neonates at
increased angles for prolonged periods of time
before such a policy is adopted.
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and advice, and to Dr Diana Elbourne of the National Paediatric
Epidemiology Unit, Radcliffe Infirmary, Oxford, for statisical
advice and help.
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